It is well established that uncoupling protein 3 (UCP3) is expressed largely in skeletal muscle, white adipose tissue and brown adipose tissue and has been suggested to play important roles in regulating energy expenditure, body weight, thermoregulation as well as fatty acid metabolism and obesity. Therefore, the UCP3 gene was selected as a candidate gene for carcass and meat quality traits in Korean cattle. The objective of this study was to identify single nucleotide polymorphisms (SNPs) in the UCP3 gene and to evaluate the association of UCP3 SNP markers with carcass and meat quality traits in Korean cattle. The five exons in the UCP3 gene were sequenced, and ten SNPs were identified. The PCR-SSCP method was then developed to genotype the individuals examined. The g.3076A>G genotype was significantly associated with marbling score (MS) of Korean cattle. Animals with the AA genotype had a higher MS than those with the AG and GG genotypes. No significant associations of the SNP g.3076A>G were observed for any traits. In conclusion, although SNP g.3076A>G, which showed an association with MS, does not cause amino acid changes, this SNP may be used as a DNA marker to select animals that have higher intramuscular fat content.
Introduction
Meat quality is of great importance to the beef industry where the consumer is willing to pay more for high quality products (Gill et al., 2010) . Intramuscular fat, so called marbling, is an important factor for evaluation of beef quality, and increasing intramuscular fat is the major target in beef industries in Korea. Deposition of intramuscular fat in beef cattle contributes to meat quality variables, including taste, juiciness, flavor, and tenderness. Therefore, it would be beneficial to producers if a method for ranking animals for economic traits such as marbling and tenderness were developed. However, meat quality traits can usually only be measured post-slaughter, so that making progress using direct measurements is difficult (Gill et al., 2010) . Also, the degree of marbling is hard to predict because it is not strongly correlated with subcutaneous fat, so fattening cattle to improve marbling and then choosing to turn off animals on the basis of the fatness under the skin is not an accurate way to get high marbling scores (Barendse et al., 2009 ). The accumulation of intramuscular fat is largely influenced by the genetic background of cattle, as well as their age and nutrition (Wang et al., 2009) . Recent research has suggested that DNA markers are related to marbling deposition. Thus, it is important to identify candidate genes that can be used as early biomarkers for the prediction of marbling development in cattle. Biomarkers found in various candidate genes linked to economically important traits have been identified and incorporated into commercially available DNA marker tests for meat quality in beef cattle (Gill et al., 2010; Van Eenennaam et al., 2007) . Candidate genes are selected based on their potential effects on carcass and meat traits. The possible effects of these genes on carcass and meat traits can be judged based on the known involvement of the gene product in cellular or metabolic processes such as energy homeostasis (Haegeman et al., 2003) .
Uncoupling protein 3 (UCP3) is a member of the mitochondrial anion carrier family primarily expressed in skeletal muscle and brown adipose tissue (Boss et al., 1997; Matsuda et al., 1997). Due to its high homology to UCP1, which plays an important role in adaptive thermogenesis, a primary function of UCP3 was thought to be control of thermogenesis (Katsumata et al., 2004) . The genes that codes for novel uncoupling protein play an important role in energy metabolism, and it has been reported that UCP gene was partially involved in the obesity (Fleury et al., 1997; Zhao et al., 2002) . In addition, UCP gene also can be regulated by leptin, the production of the obesity gene, which plays an important role in the energy intake and expenditure (Zhao et al., 2005) . Therefore, based on the physiological and biochemical roles of UCP3 in fat and energy metabolisms, the gene encoding UCP3 was chosen as a candidate gene for association tests with carcass and meat quality traits in beef cattle. The objective of this study was to identify single nucleotide polymorphisms (SNPs) of the UCP3 gene and to evaluate associations between SNP marker of the UCP3 gene and carcass and meat quality traits in Korean cattle.
Materials and Methods
Animals and carcass data A total of 309 Hanwoo steers produced from 49 sires used in progeny testing program of National Livestock Research Institute (NLRI) of Korea were used in this study. All steers of the national progeny-testing population were fed under the tightly controlled conditions of the feeding program. Meat samples were collected from 13 th thoracic rib to the first lumbar vertebrae of the steers within 24 h of slaughter and evaluated by mechanical and physical methods according to the Animal Product Grading System of Korea. The carcass data analyzed were live weight (LW), carcass weight (CW), dressing percentage (DP), backfat thickness (BF), M. Longissimus dorsi area (LDA) and marbling score (MS). BF and LDA were measured at the 12 th -and 13 th -rib interface. MS for quality grade was evaluated on a cross section of the longissimus muscle at the 12 th -to 13 th -rib interface by official graders according to the Korean Beef Marbling Standard. MS is scored on a scale from 1 to 7 with 7 being associated with the best marbling. The mean and standard deviations for traits analyzed in this study are presented in Table 1 . For each animal, genomic DNA was extracted from whole blood by using a NaCl precipitation protocol (Miller et al., 1988) . The DNA sample was suspended in TE buffer (10 mM Tris-HCl, pH 7.4; 1 mM EDTA) and stored at -20 o C until analysis.
Sequence analysis and SNP discovery Three pairs of primers for amplification and sequencing analysis were designed based on the genomic DNA sequence of the bovine UCP3 gene from nucleotides 820-3463 of GenBank accession no. AF127030 that included five exon regions (exons 2-6) to amplify 461-1293 bp fragments using Primer 3 program (http://frodo.wi.mit. edu/). The sequences of primers are shown in Table 2 . To determine SNP identification, pooled DNA samples from the sixty unrelated animals were amplified by PCR using the each primer pair. The PCR amplification was performed in a DNA thermal cycler (Perkin Elmer Cetus, SNP genotyping using PCR-SSCP Genotyping of the SNP located at position g.3076A>G (numbering according to GenBank database accession no. AF127030) within intron V region of the UCP3 gene was performed by a PCR-single strand conformation polymorphism (SSCP) method, because no restriction site exists for this SNP. The PCR amplification was carried out using forward (5'-ACTGCAAGAGATTTGGAAAA-3') and reverse (5'-TCCGTCAAATCTGACTCTTT-3') primers designed for amplification of 230 bp fragment including SNP g.3076A>G site. The 20 µL reaction mixture contained 50 ng of genomic DNA, 0.1 µM of each primer, 2 µL 10× PCR buffer, 1. . After PCR amplification, 1 µL of PCR product was mixed with 4 µL of gel loading solution containing 95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol. The mixture was then denaturated at 95 o C for 5 min, cooled on ice for 10 min and loaded on nondenaturing 12% polyacrylamide gels (49:1 acrylamide to bis-acrylamide). Electrophoresis was performed in 1× TBE buffer at 250 V for 4-6 h at room temperature. After electrophoresis, the DNA fragments in the gel were detected by silver staining. To define each genotype according to band patterns, the PCR products of different SSCP patterns corresponding to each genotype were sequenced and analyzed for nucleotide changes.
Statistical analysis
Allele and genotype frequencies were calculated by simple allele counting method. Hardy-Weinberg equilibrium (HWE) in examined population was tested by comparing expected and observed genotype frequencies using a Chi-square test. The PROC GLM procedure of SAS (Release 9.1, SAS, Inst. Inc., Cary NC, 2008) was used to test the association between SNP marker genotypes of the UCP3 gene and carcass and meat quality traits. The linear model used was as follows:
Where Y ijklm is the observation of the carcass traits, µ is the overall mean for each trait, S i is the effect of sire, YS i is the effect of i th year and season of calving, SP k is the effect of slaughter place, A l is the effect of age at slaughter (covariate), G m is the fixed effect of SNP genotype and e ijklm is the random residual effect. Significance differences among mean values of different genotypes were calculated using Duncan's multiple range test, and determined to be statistically significant at p<0.05.
The additive and dominance effects were also estimated using REG procedure of SAS version 9.2, where the additive effect was denoted as -1, 0 and 1 for AA, AG and GG, respectively, and the dominance effect was denoted as 1, -2 and 1 for AA, AG and GG, respectively.
Results

SNP identification in the Hanwoo UCP3 gene
For SNP detection of the UCP3 gene in Hanwoo, we sequenced five regions from exon II to exon VI of the UCP3 gene. Ten nucleotide substitutions were identified, which were one (g.1099G>A) in intron III, six (g.1594A >C, g.1638G>A, g.1794Del(A), g.1796A>G, g.1801Del (T) and g.2457T>C) in intron IV, and three (g.2689C>T, g.2966A>C and g.3076A>G ) in intron V (Fig. 1) .
SNP genotyping by using PCR-SSCP
Genotyping of the SNP located at position g.3076A>G within the intron V region of the UCP3 gene was performed by a PCR-SSCP method (Fig. 2) . The allele and genotype frequencies of the UCP3 gene estimated for the Hanwoo population are shown in Table 3 . In g.3076A>G SNP, the frequency of allele A (53.1%) was higher than that of allele G (46.9%). In the genotype frequencies, the heterozygous genotype AG showed higher frequency (53.1%) compared to either homozygous genotype AA or GG, whereas the two homozygous genotypes AA and GG had similar frequencies (26.5 and 20.4%, respectively). The observed genotype distributions were in good agreement with those expected according to the Hardy-Weinberg equilibrium in this population.
Association of gene-specific SNP marker with carcass traits
Results of the SNP markers association analysis are presented in Table 4 . The SNP marker of g.3076A>G was significantly associated (p<0.0209) with the MS. Animals with the AA (2.538±0.194) genotype had higher MS than those with the AG (1.910±0.137) and GG (1.866±0.222) genotypes. This SNP genotype also showed a significant additive genetic effect for the MS (p<0.05). No significant associations, however, was detected between any of the SNP genotype and other carcass traits measured in this study. . Genes that regulate metabolism and energy partitioning have the potential to influence economically important traits in farm animals, as do polymorphisms within these genes (Sherman et al., 2008) .
The UCP3 is a member of the mitochondrial anion carrier superfamily with high homology (57%) to UCP1, a well characterized uncoupling protein. Uncoupling protein genes family has five members that named UCP1, UCP2, UCP3, BMCP1, and UCP4 (Vidal-Puig et al., 2000). The tissue distribution of UCP1, UCP2, and UCP3 is markedly different. UCP1 is expressed only in mitochondria of brown adipose tissue where it plays a central role in heat production and thermoregulation by uncoupling respiration from ATP synthesis (Stone et al., 1999) . UCP2 is expressed in a variety of tissues, whereas UCP3 is expressed largely in skeletal muscle, white adipose tissue and brown adipose tissue (Fleury et In this study, we identified ten novel SNPs within the UCP3 gene and the g.3076A>G SNP markers were evaluated with respect to their effects on several carcass and meat quality traits in Korean cattle. A significant difference (p<0.021) was obtained for marbling score between SNP genotypes of g.3076A>G marker but not for other measured traits. The animals with homozygous genotype AA showed a significantly higher marbling score compared with those of heterozygous genotype AG or homozygous genotype GG. The results of this study give strong evidence for the potential for marker assisted selection for meat quality, especially intramuscular fat content. Therefore, the g.3076A>G SNP marker of UCP3 gene can be used for substantial improvement of meat quality traits in Korean cattle. However, this UCP3 SNP marker did not contributed to other traits such as live weight, carcass weight, dressing percentage, backfat thickness, and M. Longissimus dorsi area.
As a first step in assessing the potential role of UCP3 in economically important traits of livestock such as feed conversion and maintenance energy requirements as well as fat metabolism. Stone et al. (1999) first identified five SNPs within the UCP3 gene of cattle: 679, T/C, intron 2; 820, G/A, exon 3; 1099, G/A, intron 3; 2967, A/C, intron Even though these SNPs in the intron regions of UCP3 gene do not cause amino acid changes, the functions show that UCP gene could be affecting fatness and may be an important candidate gene controlling variation on energy metabolism, growth and body composition traits, especially the fatness traits in domestic animals. In conclusion, SNPs in UCP3 gene were shown to be useful as genetic markers in the selection of Korean cattle with superior meat quality traits. Further studies are necessary to determine the effect of several other SNP markers of UCP3 gene on carcass and meat quality traits.
